INTRODUCTION
============

CrossFit is a popular fitness activity that is considered a type of high intensity interval training (HIIT) or extreme conditioning program \[[@hnz072-B1], [@hnz072-B2]\]. Although the popularity of CrossFit has grown among both sexes and many age groups, rates of CrossFit Open enrollment have increased particularly rapidly among women and in athletes over the age of 40 years \[[@hnz072-B3]\]. This exercise regimen is characterized by circuit training that incorporates ballistic gymnastics and Olympic weightlifting, as well as high-volume aggressive training workouts with short rest periods \[[@hnz072-B1], [@hnz072-B4], [@hnz072-B5]\]. These types of HIIT programs have increased in popularity in recent years due to evidence showing both cardiovascular and metabolic benefits, as well as less time commitment compared to traditional exercise \[[@hnz072-B6], [@hnz072-B7]\]. Luc *et al.* \[[@hnz072-B8]\] argue that HIIT offers the same exercise benefits as steady state exercise in a shorter time period.

 Though injury rates and patterns in gymnastics \[[@hnz072-B9]\] and weightlifting sports \[[@hnz072-B10]\] are well documented, it is currently unclear how performance of these movements in the setting of CrossFit training affects injury risk. The estimated incidence of injuries related to CrossFit activities ranges from 0.74 injuries per 1000 training hours \[[@hnz072-B11]\] to 3.1 per 1000 training hours \[[@hnz072-B12]\], though prior research of CrossFit -related injuries are largely based on athlete self-report in surveys \[[@hnz072-B4], [@hnz072-B12]\]. The clinical utility of self-report CrossFit injury rates is questionable; Feito and Paul \[[@hnz072-B17]\] report 84% of self-reported injuries did not require medical attention, and Hak *et al.* \[12\] report only 7% of self-reported injuries required surgery.

The majority of CrossFit injuries are localized to the shoulder, knee or spine \[[@hnz072-B4], [@hnz072-B12], [@hnz072-B14], [@hnz072-B18], [@hnz072-B19]\]. It has been postulated that loss of proper form due to fatigue at the extremes of exercise can create abnormal stress on joints, causing injury \[[@hnz072-B12]\]. Hip and groin injuries, although reported less often than shoulder or knee injuries, represent 4.0% \[[@hnz072-B1]\]--7.1% \[[@hnz072-B14]\] of all injuries in certain studies. CrossFit athletes may be at risk for hip-related injuries due to the high intensity activity and frequency of hyperflexion activities \[[@hnz072-B20]\]. Hip injuries can be treated with a variety of techniques ranging from more conservative rest and physical therapy to arthroscopic surgery \[[@hnz072-B1], [@hnz072-B20]\].

The type and severity of CrossFit hip and groin injuries have not been well studied. With the continued popularity of CrossFit and the prevalence of high intensity activities requiring full motion of the hip (squats, dead lifts, box jumps), further inquiry into the outcome of CrossFit hip and groin injuries is needed to appropriately treat and counsel athletes. The purpose of this study is to provide descriptive data on injury presentation and treatment and to identify risk factors for requiring surgical treatment for athletes presenting with CrossFit-related hip and groin injuries. We hypothesize that the majority of injuries would be musculotendinous in nature, would not require surgical intervention, and that time away from sport would be limited on average to 2 weeks or less.

METHODS
=======

Data source
-----------

A convenience sample was utilized of all patients who were evaluated within a single hospital system in the Midwestern United States from 1 January 2010, until 7 February 2017. The year 2010 was the year the first CrossFit affiliate gym opened within the surrounding metropolitan area. A free text-based query was submitted of all clinical documentation within the hospital system electronic medical records during this time period. Any patient clinical encounter in which CrossFit or a related term (listed in [Table I](#hnz072-T1){ref-type="table"}) appeared within the patient's clinical documentation was flagged for manual review. The clinical encounters were then manually reviewed to confirm that the injury was related to CrossFit participation. A total of 1203 patient encounters were identified, 982 of which CrossFit-related injuries were identified. Of the 221 excluded patient encounters, 144 (65.2%) were for a musculoskeletal complaint (acute or chronic) unrelated to CrossFit activity, and 77 (34.8%) were for a medical issue unrelated to athletic activity. The most common anatomic sites of injury were the knee (26.4%) followed by the shoulder (21.0%) and spine (20.4%). Inclusion and exclusion criteria specific to this study ([Table I](#hnz072-T1){ref-type="table"}) were applied to these 982 patients. Hip and groin injuries that met the current study criteria were identified in 83/982 of cases (8.5%).

###### 

Study inclusion and exclusion criteria

  ------------------------------------------------------------------------------------------------------------------------------------
  *Search terms*

  1\. CrossFit, cross fit, cross-fit, HIIT and high intensity interval training

  *Inclusion criteria*

  1\. No age or sex restrictions

  2\. Patient must have a clinical encounter within OSU health systems for an injury related to CrossFit participation

  3\. Pathology involving the hip or surrounding musculature, including femoral or abdominal hernias presenting as hip or groin pain

  4\. Acute injury or exacerbation of underlying condition

  *Exclusion criteria*

  1\. Acute injury due to non-CrossFit activity in a patient that participates in CrossFit

  2\. Evaluation or surveillance of chronic condition with stable symptoms.\
   Example: maintenance therapy for hip osteoarthritis
  ------------------------------------------------------------------------------------------------------------------------------------

Among the 83 included CrossFit-related hip and groin injuries, clinical data including patient demographics and injury diagnosis were documented. Treatments including injections, physical therapy and surgery were reviewed. Use of advanced diagnostic imaging including computed tomography and/or magnetic resonance imaging (MRI) were recorded. The primarily location of pain (anterior hip/groin, lateral hip or posterior hip) were recorded. Data on injury mechanism and symptom chronicity were recorded. Time away from sport was determined for all patients.

Statistical analysis
--------------------

Statistics were performed with a standard software package (JMP 13.1, SAS Institute, Cary, NC, USA). Descriptive statistics were first generated for the entire sample. Comparisons in age, sex and body mass index (BMI) were made between hip/groin injury patients and CrossFit-related injuries overall (regardless of anatomic location). Comparisons were then made between athletes and non-athletes regarding demographics, symptom duration and location, injury treatment and time away from sport. For continuous data, Student's tests were utilized for normally distributed data and Wilcoxon rank sum for non-normally distributed data, respectively. Comparisons of categorical data were performed via Fischer's exact test. Finally, a multivariate logistic regression analysis was performed on the hip/groin patient cohort to identify independent risk factors for requiring surgical treatment. Potential covariates included age, sex, BMI, primary location of pain (anterior, lateral or posterior hip), duration of pain and symptom onset (insidious versus acute). Statistical significance was set at alpha \<0.05.

RESULTS
=======

Descriptive statistics
----------------------

In comparison to all patients with CrossFit injuries, patients with hip or groin injuries were more likely to be female (hip injuries: 63% female; all injuries: 50% female; *P* \< 0.001) but had a similar mean age \[34.3 years standard deviation (SD) 10.9\] (*P* = 0.43) and BMI (mean 25.3 SD 3.8) (*P* = 0.52). There was a trend toward higher rates of surgical treatment (*n* = 20/83; 24.1%) for hip/groin injuries compared to musculoskeletal injuries overall (16.6%) (*P* = 0.09).

Median time away from sport due to injury was 0.75 months (25th percentile 0, 75th percentile 4, max 7 months) with a higher time away from sport for surgically treated patients (median 5 months) versus injuries that did not require surgery (median 0 months) (*P* \< 0.001) ([Table II](#hnz072-T2){ref-type="table"}). All hip arthroscopy and inguinal repair patients returned to sport (*n* = 17, 100%); the 3 total hip arthroplasty patients were advised not to return to high impact activities such as CrossFit. The majority of injuries required physical therapy (90%) with a median duration of 2 months (25th percentile 1.5 months, 75th percentile 3.25 months). The primary site of pain was anterior hip/groin in 54%, posterior hip in 37% and lateral hip in 7%.
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Table **II**. Descriptive statistics

                                       All patients (*n* = 83)   Non-surgical patients (*n* = 63)   Surgically treated patients (*n* = 20)   *P*-value
  ------------------------------------ ------------------------- ---------------------------------- ---------------------------------------- -----------
  Age                                  34.3 SD 10.9              34.2 SD 11.2                       34.8 SD 10.4                             0.84
  Male                                 37%                       35%                                45%                                      0.42
  Female                               63%                       65%                                55%                                      
  Body mass index (kg/m^2^)            25.3 SD 3.8               25.8 SD 3.8                        23.3 SD 3.8                              0.12
  Symptom duration (months)            Median: 4                 Median: 3                          Median: 6                                0.09
  25th percentile: 1                   25th percentile: 0.75     25th percentile: 1.25                                                       
  75th percentile: 8.5                 75th percentile: 8.25     74th percentile: 12                                                         
  Primary symptom location                                                                                                                   0.01
   Anterior/groin                      54%                       46%                                82%                                      
   Posterior                           37%                       42%                                18%                                      
   Lateral                             7%                        12%                                0%                                       
  Time away from sport (months)        Median: 0.75              Median: 0                          Median: 5                                \<0.001
                                       25th percentile: 0        25th percentile: 0                 25th percentile: 4.25                    
                                       75th percentile: 4        75th percentile: 1                 75th percentile: 5                       
                                       Max: 7                    Max: 7                             Max: 6                                   
  Physical therapy                     90%                       92%                                85%                                      0.39
  Physical therapy duration (months)   Median: 2                 Median: 2                          Median: 3                                0.68
                                       25th percentile: 1.5      25th percentile: 1.5               25th percentile: 1.25                    
                                       75th percentile: 3.25     75th percentile: 4                 75th percentile: 4                       
                                       Max: 6                    Max: 6                             Max: 5                                   
  Corticosteroid injection             31%                       17%                                75%                                      \<0.001
  MRI scan obtained                    41%                       30%                                75%                                      \<0.001
  Surgery performed                    24%                       0%                                 100%                                     N/A

Injury mechanism and diagnosis
------------------------------

The most common diagnoses (\>5% each) were femoral-acetabular impingement syndrome (FAIS) (34%), hamstring strain (11%), non-specific hip or groin pain (imaging non-diagnostic) (11%), hernia (7%) and iliotibial band syndrome (6%) ([Table III](#hnz072-T3){ref-type="table"}). The majority of patients reported an insidious symptom onset with inability to identify a specific causative workout (70%); a further 10% could recall a specific workout but not a specific moment or movement after which they became symptomatic. A minority of patients could recall a specific movement that initiated symptoms, including deep squatting (6%), running or sprinting (6%), deadlift (4%), fall (2%), lunging (1%) and rapid hip flexion (1%).

###### 

Table **III.** Injury characteristics

  ---------------------------------------------------------------------------------------------
              Percentage
  ----------- ---------------------------------------------------------------------------------
  Mechanism   70% insidious/no specific event\
              10% symptomatic after a specific workout, cannot pinpoint exact movement\
              6% deep squat\
              6% running/sprinting\
              4% deadlift\
              2% fall\
              1% lunging\
              1% rapid hip flexion

  Diagnosis   34% femoral-acetabular impingement syndrome (FAIS)\
              11% hamstring strain\
              11% non-specific pain, imaging non-diagnostic\
              7% hernia\
              6% iliotibial band syndrome\
              5% adductor strain\
              5% hip osteoarthritis\
              5% hip flexor strain\
              5% stress fracture (*n* = 2 femoral neck, *n* = 1 pubic ramus, *n* = 1 sacrum)\
              5% SI joint pain\
              5% hip external rotator strain\
              2% quadriceps strain
  ---------------------------------------------------------------------------------------------

Hip arthroscopy was primarily indicated for patients who had history, physical exam, as well as imaging findings consistent with FAIS. The patients had failed conservative management with a combination of rest, activity modification, medications, injections and formal physical therapy. Surgery was utilized to treat the FAIS with rim resection, cam resection, labral repair and capsule repair or plication where indicated. A minority of surgical patients were treated for hip flexor origin avulsion injuries. All hip surgery was performed by two high-volume fellowship trained hip preservation surgery specialists. Hernia repair surgeries are performed by one general surgeon as the primary consultant from the orthopedic hip team for core muscle injuries/hernia/adductor procedures. The non-specific hip and groin pain with non-diagnostic imaging was felt to primarily include hip flexor strain injuries, the majority of which resolved with non-surgical management. Specialized physical therapists were provided for all patients in this cohort. Length of formal physical therapy was variable dependent on the nature of the injury, as well as the recovery profile for each patient involved.

Risk factors for requiring surgery
----------------------------------

Presentation with primarily anterior hip or groin pain (82% surgical patients and 46% non-surgically treated patients) was the only identified risk factor for requiring surgery in the multivariate logistic regression analysis \[odds ratio 5.78, 95% confidence interval (CI) 1.44--23.1; *P* = 0.005\]; age, sex, BMI, symptom duration and symptom onset (insidious versus acute) were all non-significant predictors of requiring surgery (*P* \> 0.25) ([Table IV](#hnz072-T4){ref-type="table"}).
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Table **IV**. Independent risk factors for requiring surgery

                                           Odd ratio, 95% CI  *P*-value
  --------------------------------------- ------------------- -----------
  Anterior hip/groin symptoms?             5.78, 1.44--23.1   0.005
  Sex                                             N/S         0.70
  Age                                             N/S         0.75
  Body mass index (kg/m^2^)                       N/S         0.88
  Symptom duration (months)                       N/S         0.42
  Symptom onset: insidious versus acute           N/S         0.70

N/S: non-significant.

DISCUSSION
==========

The most important findings of the current study are that 24% of hip and groin injuries related to CrossFit activity required surgical treatment and that presentation with primarily anterior hip/groin pain is a risk factor for requiring surgery. Additionally, several months of physical therapy are typically required to adequately rehabilitate from a CrossFit-related hip or groin injury (regardless of surgical treatment), and median time away from sport is less than 1 month for non-surgical injuries and 5 months for surgically treated injuries. To our knowledge, this is the first study to present data related to CrossFit injured patients surgical intervention rates among athletes who sought medical attention for hip and groin injuries. The severity of injury among patients who seek medical attention is likely higher than injuries self-reported by athletes in survey studies. Feito and Paul \[[@hnz072-B17]\] report that 84% of self-reported injuries did not require medical attention. Similarly, Hak *et al.* \[[@hnz072-B12]\] report a lower rate of surgery than the current study, as only 7% of self-reported CrossFit injuries required surgery in their study.

Athletes can have high rates of return to sport after hip arthroscopy \[[@hnz072-B23]\] regardless of sex \[[@hnz072-B26]\]; high rates of return to sport are also observed after hernia repair \[[@hnz072-B27], [@hnz072-B28]\]. In a study of patients performing frequent squatting activities, Polesello *et al.* \[[@hnz072-B29]\] report a 71.5% rate of return to sport. A higher rate of return to sport following arthroscopic hip surgery was reported by Riff *et al.* \[[@hnz072-B20]\] for athletes participating in HIIT programs. They noted that out of the 32 patients they included in the study, 88% were able to return to HIIT post-operatively and 44% noted improvement in their HIIT performance \[[@hnz072-B20]\]. Subgroup analysis in our study showed similar results. All patients who underwent arthroscopic hip surgery or hernia repair were able to return to CrossFit in our study, although the time away from sport due following surgery was significantly longer (median 5 months) than injuries that did not require surgical treatment (median 0 months, 75th percentile 1 month).

There are many potential causes of hip and groin pain, which may make accurate identification of the specific anatomic pain generator difficult \[[@hnz072-B30], [@hnz072-B31]\]. There are multiple anatomic layers and structures involved \[[@hnz072-B32]\], and certain structures can have either static (pain at rest) or dynamic (pain with specific movements) contributions to hip or groin pain \[[@hnz072-B31]\]. Primarily anterior hip and groin symptoms are concerning for abdominal wall or intra-articular pathology \[[@hnz072-B28], [@hnz072-B31]\] and accordingly this was found to be the only independent risk factor for requiring surgical treatment in the current study. Posterior hip pain in this group rarely requires surgery. This type of pain, although it has the potential to be significantly impactful for patients, can be caused by referred lumbar spine and sacroiliac joint pathology, or be associated with diagnosis such as piriformis syndrome or deep gluteal nerve syndrome \[[@hnz072-B31]\]. This was a less frequent pain presentation in this patient population. Lateral hip pain is frequently indicative of greater trochanteric pain syndrome, which can often be treated successfully with non-surgical modalities \[[@hnz072-B34]\].

Injury risk assessment is an important component of injury prevention; several non-demographic risk factors for injury have been identified in CrossFit athletes. Chachula *et al.* \[[@hnz072-B37]\] and Moran *et al.* \[[@hnz072-B11]\] both found higher risk of subsequent injury in the 6 months following an initial injury. This increased risk window has been documented in prior recreational adult fitness activities \[[@hnz072-B38]\]. Moran *et al.* \[[@hnz072-B11]\] also noted that previous injury was an independent risk factor for injury among CrossFit athletes, and correspondingly, left--right asymmetries on functional movement screening \[[@hnz072-B39]\] were associated with higher injury risk. Prior reports have also suggested that strength/flexibility imbalances increase injury risk in athletic setting \[[@hnz072-B40]\]. Furthermore, in a recent study of 449 CrossFit athletes in the Netherlands, duration of training less than 6 months was the only identified predictor of increased injury risk \[[@hnz072-B16]\]. In the opinion of the respondents, the mostly likely causes of injury were use of bad/incorrect form (20.5%), fatigue (20.2%), use of too heavy of weight (16.1%), unknown (10.1%), relapse of an old injury (10.1%) and too little or bad coaching (1.6%) \[[@hnz072-B16]\]. Conversely, high training load in more competitive athletes may also increase injury risk, as a survey of 191 athletes from CrossFit affiliate gyms in southern Florida found that greater training hours and level of competition were both associated with higher injury rates \[[@hnz072-B15]\].

Limitations
-----------

The present study has several limitations. Prior CrossFit injury studies are largely limited to patient-reported surveys that lack evaluation by a medical professional \[[@hnz072-B4], [@hnz072-B12]\]. Injury assessments were made in this dataset by medical professionals and, in contrast to self-report of injuries in surveys, are not prone to recall bias \[[@hnz072-B41]\]. However, an athlete's competitive level and athlete contact hours can influence injury risk and injury severity but are not available in the current study. The demographics and injury patterns of patients seen within our medical center may not be representative of injured CrossFit athletes seeking medical care in other regions. Additionally, treatment patterns including rates of surgery are potentially influenced by multiple factors including medical provider recommendations, patient resources and the goals of treatment including the desire to return to high level athletic activities. Location of hip pain may not be an accurate reflection of risk for surgical intervention given the dominance of anterior hip and groin pain in this group. Although this may introduce bias, it is addressed indirectly and mitigated via regression analytics. The increased surgery in this group may reflect that the pathology indicated in this anterior hip/groin pain group is more amenable to surgical treatment.

CONCLUSIONS
===========

CrossFit athletes with hip and groin injuries often present with prolonged symptoms with insidious onset. Most patients require several months of physical therapy and approximately one quarter require surgery. Patients presenting with primarily anterior hip/groin pain are at increased risk for requiring surgery.
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